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1 
This invention relates to the carbohization àiid 
gàSification of. Solid carb0nïceous nïàëial '0m- 
bined with the cracking of oil or 0hër hdro - 
carbon ma.terial. 
It is an 0b]ect of this inventlo n 0 pr0 bss 
olid carbonaceo.us material such as coal, lignite, 
O1 shale, and the like, and concurénly ect 
he cracking. 0 hydrocarbons in. a novel -mnner 
wherein .substantally all the fuel requirements 
or b0th qperations are takdn from the solid 
bonaceous material. 
_A further .0bject Of this invention.iS the pro- 
vision of .a no;tel combined proces fo reating 
solid_ carb0na.ceous materials and effecting the 
cracking .of hydrocabons, for examPle, gas oil 
hydrocarbons wherein the processing of fresh 
material the rultant "    «. 
coke, .and the ol are han- 
dled in a simplified and efficient manner. 
Other objects of the invention çill appear 
. from the following description and. çlaims talen 2o 
in connection wi.th the attached drawing where- 
in a preferred .embod!ment of a. pr?cçss adcr.d- 
:ing to the present invention is shown in diagram- 
matic form. 
In.its broader aspect, l the present in_venton 
involves the combined carbonization an d gasi- 
fication of solid carbonaceous :material. such as 
coal, lignite, etc., with the production of coke, 
the coke bing exothermica!ly reacted, for in- 
stance, with oxygen or with hydrogen ,a elevated 
pressure to supply the heat requirements for 
coking fresh material and for crack.ng hydro- 
carbons derived from petroleum, coal or any 
other source. In the cracking of the hydro- 
.carbon by contact with he heated coke.from the 35 
gasification step, all the vaporized products 
thereof are conserved and the nonrecoverable 
solid products become combined with the coke 
and are thereafter processed therewith. A fea- 
ture of the invention is the use of hot coke from 
the gasifler as contact agent for cracking hydro- 
carb0ns. The coke or solid residue drvn fom 
the gasifier has appreciable caalytic effëcbn 
the cracking reacion. 
in. a specific embodiment, the invention.c0n 
'tmplates the carbonization-oï Carbonäcëbs ma- 
:tèrial, gasification of. coke, ànd cracking : Of: oil 
.in .a fluidized system, whereby, the necesgry fiow 
of heat from the gasifier fo the carboriizer and 
 the cracking unit is materially facilitdted and 
improved. 
The invention a!so involves the processing of 

cl. 19) 
2 
o"dèsired ga mixture uch as snhe|s 
cbnitig essentiallY-Of carbon m0noïde 
h:ïd-rogën, î0r the subsequent shsis ofh@dfo- 
carbpps] pxygenatC compods and the like. 
5 Referrg to e atched drawg, ea0rs 
 ,   nd   are of ypès.ïwhee the maiérïal 
eren. c£n be fiuidized, the solid material eng 
 preferably, charged thereto as particles 5f izës 
le than 100. me and usuallY at leasi::O :Per 
10 cent therëbf beg smaller han 200 mgh, and 
a fiUidfizing gas .pased. up&ardyhëçerohh 
_ai a velqçity of about 0.5 to 2.5 feeç pe.econd. 
Under-such cohditions -the solids are highl .agi- 
tated, and h, mass behaves in a-mer a10- 
15 gous go a b0iling mas :.of :qUid. :Thè,hèt ëx- 
cha-nge between the particles and hë 
mecum is highly effiçient.. The boiiing o:.ebUl- 
lient action also ..enab!es the ready separatiÇn 
of gasus products from the mass, any SUdh 
products generated in the mass operating o fur- 
ther the fluidizati0n. 
resh solid ca-rbonaceous material» cçal belng 
dcsed herein by way of exmp!e, is fed in 
particle îorm from a .hopper 4 to a line 
ço_ admxtue _with -hot .Coke .at. a. temperature 
of .about 2000  F. fed-to line [5 from a line_. 
The conveyance of the soli is pffected by :sus- 
pension in a gas fed into line ; for .-instance, 
rail gas from a Fischer-te synthesis-operai0n 
30 may be utllized. Also, this gas may be taken 
from-the gas preduced in-racr  by-pasgg 
part of the product gas. in Mne .! rough line 
 .82 and-pp 3 into le . It.is esirable 
. .that the gas be relatively, inert as regar the 
solids charged, to .reaçtor  to the extent that 
ile. or no oxidatiqn takes p!aqe therein. 
The fresh coal and the hot coke are fiuidized 
:togëther in rëactor [2 the tèmpëradre of he 
mass Sëing :ab0ve b0ut ï000  iF. ánd uitbly 
40   the "aPpSXite ae-of I40051600  
this temperature, the volatile components 
:ëalgr ' vaporied.a8'oved at thèt0p 5f the 
rëctbr With the fiuizgmedium thbgh a line 
:  I. Lihe   i-refêaSlprogidedwith k CYclOne 
45 epat0r "28 t0 -coe:,nd. ëth thè solids 
:thë::eaëto a .sM5wn. e :gas.miX-te,::as"re- 
moved, may be used for rue! purposes o :Passed 
through a condensr 8 to Separate codenible 
fraction of the volatile" components ken from 
 50 " the coal. The residual gas withdrgwn thr0ugh 
line  t 9. Liquid products includg phenols and 
:pidine bàses are recovered at  

the coke and oil in a mgnner such that the coke -Coke, inluding both the oriin-al coke. and 
nd- the solid carbonaèe0us :products i'em the ' :tiat"fomedbyc,b0niz:tin:of::eOal 
oll  can .be,efficently ï-tillzel'.-ln:=.the prelartion :5 [:ray':e. ittidlïïVnfrë ï6ëter :;l 



turned fo rêactor ! through line 2 i. Product 
coke may be taken off via line 22. Coke may 
also be discharged from the reactor 12 through 
line 24 into line 2S, where itis admixed with 
vaporized hydrocarbon off. Some of the coke 
may be returned to reactor | ! by a line 2 ! and 
some removed as product coke ai 22. 
The hydrocarbon off, ïor example a gas oil 
fraction from refinery operations with an atmos- 
pheric bofling range of 525 to 760 ° F., is charged 
through line 2S, hot coke being fed therein ïrom 
line 16a or from line 24 or from both of them 
simultaneously. PreferabIy, the oil is preheated 
fo a temperature of 600 to S00 ° F. The off, if 
not supplied in vapor form» may be vaporized 
in line 2S by the admixture therewith of hot 
coke from line Sa and/or line 24. The coke 
is fluidized in reactor 13 by the oil vapors, the 
temperature of the reactor being about 900 to 
1200 ° F. The oiI is cracked by reason of the 
heat of and the catalytic action of the hot coke, 
the vaporized and cracked products being 
moved through line 25 through a cyclone sepa- 
rator 25' serving to eliminate solid particles. 
The coke may be returned fo reactor 2 through 
line 28 or fed through line 27 to a gas feed line 
28 for return to reactor 1. The gas or gas 
mixture fed through line -8 to react with and 
fluidize the coke in reactor ! ! is dependent upon 
the type of product gas desired from reactor 
. If synthesis gas, consisting essentially of 
carbon monoxide and hydrogen, be desired, the 
feed gas will contain relativety pure oxygen and 
steam. Tafl gas from a synthesizing operation 
containing carbon dioxide, methane and hydro- 
gon may also be used. Itis fo be understood that 
the qualities and the quantities of the gases ïed 
through line 28 are hot critical as respects the 
present invention and that they may be varied 
widelyo depending on the product gas desired. 
The coke charged through line 28 is fiuidized 
in reactor  and a part thereof gasified by 
exothermic reaction with the charged gases, the 
mass attaining a temperature of about 2000 ° 
F. The product gases are passed through a line 
29, through a cyclone separator ${3 and through 
line S to storage or use facilities such as a 
synthesis reactor, the hot coke being discharged 
through line  and returned fo line 5 to begin 
the cycle anew. 
From the foregoing, it is evident that the 
hydrocarbon oil or the products therefrom, 
except solid carbonaceous products, is hot called 
upon to supply any of the heat requirements for 
the process. Substantially all the heat require- 
ments are derived from the controlled exothermic 
reaction of the coke in reactor 1, that stop 
being productive of a useful product in the 
form of the resulting gas mixture. Thus, the 
entire process is maintained on a high economic 
level. 
Obviously, many modifications and variations 
of the invention as above set forth may be marie 
without departing from the spirit and scope 
thereof and onIy such limitations should be im- 
posed as are indicated in the appended claires. 
1. The process of treating a hydrocarbon oil 
and a solid carbonaceous material containing 
vo]atilizable constituents and a solid carbona- 
ceous residue fo produce valuable products, which 
comprises continuously circulating solid residue 
from said carbonaceous material through three 
intercommunicating zones, subjecting said solid 
re»idue in a asiflcation zone to an exohermlc 
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gasiflcation reaction with a gaseous reactant0 
passing resulting heated solid residue from said 
gasification zone to a carbonization zone into 
admixture with fresh carbonaceous material 
5 thereby effecting volatilization of volatilizable 
constituents from said material and formation 
of an additional amount of said solid residue° 
introducing said solid residue into a cracking 
zone into contact with said hydrocarbon oil 
10 thereby effecting cracking of said hydrocarbon 
oil with the resulting deposition of free carbon 
on ssid residue, and returning said solid residue 
îrom said cracking zone to said gasiflcation zone 
wherein said carbon from said hydrocarbon oil 
15 and a portion of said solid residue is gasifled. 
2. A process as deflned in claire 1 wherein 
said gaseous reactant is an oxygen-containinz 
gs. 
3. The process of treating a hydrocarbon oil 
20 and a solid carbonaceous material containing 
volatilizable constituents and a solid carbona- 
ceous residue fo produce valuable products° 
which comprise introducng said solid material in 
comminuted form into admixture with a fiuidized 
25 mass of hot solid carbonaceous residue in a car- 
bonization zone at a temperature suflicient to 
effect volatilization of volatilizable constituents 
therefrom and produce additional fresh solid 
carbonaceous residue, passing the resulting mix- 
30 ture of solid residue from said carbonization 
zone to a cracking zone and bringing into con- 
tact therewith said hydrocarbon off while 
fecting fluidization of a solid residue and cracking 
of said oil with the resulting deposition of free 
:5 carbon on said residue, passing said free carbon 
and said solid residue from said cracking zone fo a 
gasification zone into contact with an oxygen- 
containing gas effecting fluidization and exo- 
thermic gasiflcation of said carbon from said 
40 hydrocarbon and a portion of the solid residue 
thereby raising the temperature of the ungasi- 
fied portion of said solid residue to a temperature 
above that prevailing in said carbonization zone, 
passing said solid residue from said gasiflcation 
zone to said carbonization zone, and separately 
5 recovering gaseous products from each of said 
zones. 
4. The process deflned in claim 3 wherein 
said carbonaceous materil is coal and wherein 
the .temperature in the gasification zone is of 
50 the order of 2000 ° F, the temperature in the 
carbonization zone is in the range of about 1400 
. to 1600 ° F., and the temperature in the cracking 
zone is in the range of bout 900 fo 1200 ° F. 
5. The process dened in claire 4 whereir 
5 said oxygen-containing gas is  mixture of sub- 
stantially pm'e oxygen and steam. 
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